Background. Screening for preoperative anxiety is an important challenge during the preoperative period. The aim of our study was to validate the faces scale used to detect anxiety trait in children. Methods. Children aged 8-18 yr were asked to quantify their anxiety trait using the readily available faces scale and to respond to the trait component of the State-Trait Anxiety Inventory (STAI) for children (C) or adults (A) before the anaesthesia consultation. Using receiver operating characteristics analysis, we determined the faces scale optimal value on a construct cohort. A validation cohort was recruited to assess the accuracy of the results. Results. The construction cohort comprised 207 patients and the validation cohort 91 patients. The receiver operating characteristics analysis found an area under the curve of 0.75 [95% confidence interval (CI) 0.67, 0.83]. The optimal value for faces scale score was 4, with a sensitivity of 0.61 [95% CI 0.59, 0.62] and a specificity of 0.82 [95% CI 0.81, 0.83]. When this threshold was applied to the construction and validation cohorts, 61.3 and 44.4% of positives were true positives in the construction and validation cohorts, respectively; and 82.1 and 81.3% of negatives were true negatives, respectively. Conclusions. Our study determined the performance of a simple faces scale to measure the preoperative anxiety trait in children aged 8-18 yr. This tool is potentially helpful for clinicians aiming to identify patients at risk of preoperative anxiety and to assign them to targeted management.
During the past decade, numerous studies in children have demonstrated strong relationships between preoperative anxiety and both pain and neurocognitive complications (emergence delirium and postoperative maladaptive behaviour) after surgery. [1] [2] [3] [4] [5] Furthermore, interventions reducing preoperative anxiety have also been shown both to reduce these complications and to improve patient recovery. 6 Recent studies demonstrate a significant preventive effect of preoperative family-centred preparation and workshops on preoperative anxiety, emergence agitation, postoperative
Editorial decision: March 13, 2017; Accepted: April 4, 2017 maladaptive behaviour, and postoperative pain. 2 7 Such interventions are costly and should ideally be proposed to anxious patients so as to optimize benefit. However, preoperative anxiety screening relies on questionnaires that are not widely used because of time limitations. 8 Given that anxiety trait has been previously shown to be associated with the development of an anxiety state during stressful situations, [9] [10] [11] [12] [13] we aimed to validate a simple and ubiquitous screening tool for anxiety trait screening. We assessed whether the faces pain scale used to evaluate pain in children [14] [15] [16] [17] could be used for anxiety trait detection in children.
Methods
This study is a prospective observational study performed from November 2015 to May 2016. It was approved by our institutional review board (Comité d'Evaluation de l'Ethique des projets de Recherche Biomé dicale (CEERB) Paris Nord; no. 2013/97). Informed written consent was obtained from all parents, and assent or consent obtained from patients where age appropriate.
Inclusion and exclusion criteria
Inclusion criteria were as follows: patients aged !8 and 18 yr of age; and ASA status I-III. Exclusion criteria were as follows: emergency surgery; refusal of study participation; known neurological or cognitive impairment; and ASA status IV or V.
Description of anxiety evaluation tools
The tools used for measuring preoperative anxiety were the State-Trait Anxiety Inventory (STAI) for children and adults, with the STAI-C (children) for children from 8 to 11 yr of age, and the STAI-A (adult) for patients !12 yr of age. Each STAI questionnaire has two components, namely anxiety trait assessment and anxiety state assessment. 18 The primary objective of this study was to determine the performance of the faces pain scale as a tool for assessing preoperative anxiety trait in children, using the appropriate component of the questionnaire. Assessment during the preoperative anaesthesia consultation was preferred because in France it is generally on a day other than the day of surgery-at least 48 h before elective surgery-and usually 2 weeks before surgery, and is the last medical contact with patients before surgery. Furthermore, high-risk patients were then able to be referred to a dedicated preoperative workshop or to a psychologist in the event of identified major anxiety. High-risk follow-up was dependent on the parental availability and attendance at the preoperative workshop (two dates per calendar month) or arranging a consultation with a psychologist.
Children were asked to determine their level of anxiety at home using the faces pain scale developed by Bieri and colleagues 14 (Supplementary material File 1). They were asked to respond to the following question: 'How anxious do you usually feel at home and during daily life?' using the faces scale, with the smiling face meaning no anxiety at all and the crying face meaning the worst anxiety imaginable. They were then asked to respond to STAI-C or STAI-A trait questions during the waiting time before the pre-anaesthesia consultation. Anxiety assessment was performed by a nurse anaesthetist who was assisted by a child psychologist. Any patient who could not respond to the STAI questionnaires or quantify his or her anxiety was excluded from the study. The secondary objective of this study was to explore the relationship between anxiety trait and anxiety state. 18 To this end, we applied the state components of the STAI-C and STAI-A questionnaires after completion of the preoperative consultation. Our hypothesis was that the preoperative consultation might represent a stressful or in contrast a reassuring situation (given that all physicians were specialized paediatric anaesthetists) and might influence the occurrence of anxiety state in susceptible patients with anxiety trait.
Statistical analysis
The cohort was divided into a construction cohort during the initial 4 months of the study and a validation cohort during the last 2 months. In order to verify the ability of faces scale recorded results to predict anxiety trait, correlations were calculated between faces scale values and STAI-A and STAI-C results in both construction and validation cohorts.
According to previous studies, anxiety trait and anxiety state are defined as an STAI-A >46 or an STAI-C >36. 7 8 19 Using the construction cohort, the accuracy of the faces scale in predicting preoperative anxiety was analysed using the receiving operating characteristics (ROC) curve with the determination of the area under the curve (AUC), sensitivity, specificity, and their 95% confidence intervals (CIs). The maximal Youden index (J¼sensitivityþspecificityÀ1), defining the value of the studied outcome maximizing both the sensitivity and the specificity, was also calculated. We also determined value of the faces scale for maximizing true positives (presence of an anxiety trait as defined by the STAI questionnaire) and true negatives (absence of an anxiety trait as defined by the STAI questionnaire) with a diagnostic tolerance of 10% (sensitivity and specificity !0.9, respectively). 20 Using the thresholds established in the construction cohort (faces scale values: maximizing Youden index, the proportion of true positives >90%, and the proportion of true negatives >90%), we calculated the accuracy of the faces scale in predicting the proportions of true positives (positive predictive value) and true negatives (negative predictive value) in the construction and validation cohorts. Concerning the secondary outcome of this study, the relationship between anxiety trait and anxiety state, the overall study population was analysed, cumulating construction and validation cohorts. Analyses included (i) the correlation between STAI trait and state values and (ii) the proportion of patients with recorded anxiety trait who developed an anxiety state after the preoperative anaesthesia consultation.
Descriptive statistics were displayed as the mean (SD) or median [range] for continuous variables with non-parametric Editor's key points
• Anxiety trait is a major predisposing factor for anxiety state in stressful situations.
• In children, preoperative anxiety is associated with postoperative pain and neurocognitive complications.
• Existing tools, such as the State-Trait Anxiety Inventory (STAI), are time consuming and challenging to implement.
• 
Results
During the study period, 3085 patients underwent non-emergency preoperative anaesthesia assessment. Of these, 1680 patients were eligible for inclusion and were asked to participate, and 307 agreed. Nine patients were excluded because they could not answer questionnaire questions; thus, there were 298 subjects in the final study cohort. The construction cohort comprised 207 patients and the validation cohort 91 patients. Table 1 displays the major characteristics of patients in both cohorts. Faces scale results were not normally distributed; this was suspected given high SD values and confirmed using the skewness and kurtosis tests. Consequently, statistical analyses involving this variable were performed using non-parametric tests throughout.
Primary outcome: faces scale performance The accuracy of these thresholds (2, 4, and 6) in detecting truepositive patients (positive predictive value: proportion of anxious patients when faces scaleis greater than or equal to the threshold) and true negative patients (negative predictive value: proportion of non-anxious patients when faces scale is less than the threshold) were then examined in the construction and validation cohorts. Using a threshold of 2 on the faces scale, we found a proportion of 77.4 and 70.4% of true positives in the construction and validation cohorts, respectively (P¼0.48), when faces scale was !2, and a proportion of 57.9 and 40.6% of true negatives in the construction and validation cohorts, respectively (P¼0.32), when faces scale was <2. Using a threshold of 4 on the faces scale, a value of faces scale !4 displayed 61.3 and 44.4% of true positives in the construction and validation cohorts, respectively (P¼0.17), and a value of faces scale <4 displayed 82.1 and 81.3% of true negatives in the construction and validation cohorts, respectively (P¼0.49). Finally, using a threshold of 6, we found a proportion of 30.6 and 22.2% of true positives in the construction and validation cohorts, respectively (P¼0.31), when faces scale was !6 and a proportion of 93.8 and 95.3% of true negatives in the construction and validation cohorts, respectively (P¼0.5), when faces scale was <6. All these results are summarized in Table 2 .
When the subgroup of children <12 yr old (n¼87 patients) was analysed, an AUC of 0. Table 4 .
Secondary outcome: relationship between anxiety trait and state
Correlations between STAI-C (children <12 yr old) and STAI-A (children !12 yr old) anxiety trait and state were 0.34 (P¼0.01) Table 2 Comparison of the accuracy of the face scale in predicting anxiety trait during the anaesthesia consultation in the construction and validation cohort. True positives for each threshold are calculated from the proportion of true positives in patients with a faces scale greater than or equal to the considered threshold (2, 4, or 6). True negatives for each threshold are calculated from the proportion of true negatives in patients with a faces scale less than the considered threshold (2, 4, or 6 Table 5 displays correlations between pre-consultation anxiety trait and post-consultation anxiety state in the overall cohort (construction and validation) and according to age (<12 and !12 yr old). The proportion of patients exhibiting anxiety state was significantly higher in patients with anxiety trait. Additionally, the proportion of children with no anxiety trait who developed anxiety state was significantly higher in younger children (Table 5; 16.2 vs 2.9%, P¼0.001, in children <12 and !12 yr old, respectively). In contrast, the proportion of patients with anxiety trait who exhibited anxiety state after consultation did not differ between the two age groups (42.1 vs 40.6%, P¼0.5, in children <12 and !12 yr old, respectively).
Discussion
The main finding of the present study can be summarized as follows. Preoperative anxiety trait as defined by the STAI questionnaire was present in 30% of patients. According to our results, faces scale performance was dependent on the value threshold. A threshold faces scale of 4 identifies 61.3% of patients with anxiety trait and 82.1% of those without. A threshold of 2 identifies 77.4% of patients with anxiety but only 57.9% without this trait. Finally, a threshold of 6 identifies only 30.6% of true positives but allows correct identification of true negatives in 93.8% of instances. Our study aimed to explore the performance of this simple tool to identify patients with anxiety trait rather than anxiety state. Anxiety state is by definition fluctuant in nature throughout the preoperative period and is influenced by numerous factors, including parental anxiety states, life events, invasiveness of surgery, and previous hospitalization and interventions, with a peak occurring in the immediate preoperative period. 12 In
France, the preoperative anaesthesia consultation is usually performed 2-4 weeks before surgery. Few patients exhibited anxiety state after the consultation (35 patients, 16.9%) in comparison to the 60 or even 80% exhibiting anxiety state before induction of anaesthesia as previously described in the literature. 3 5 12 21 Anxiety trait is considered a major predisposing Table 4 Comparison of the accuracy of the face scale in predicting anxiety trait during the anaesthesia consultation in the construction and validation cohort for patients !12 yr old. True positives for each threshold are calculated from the proportion of true positives in patients with a faces scale greater than or equal to the considered threshold (2, 4, or 6). True negatives for each threshold are calculated from the proportion of true negatives in patients with a faces scale less than the considered threshold (2, 4, or 6) factor for anxiety state 13 18 and seems more appropriate to explore during the preanaesthesia or presurgical consultations because of stability over time and its dependence upon the internal psychological structure of patients rather than external factors. 18 The direct relationship between anxiety trait and preoperative anxiety state has not been examined previously, although other studies confirmed such a relationship in other situations, such as school examinations or competitive sport. 10 13 A strong relationship linking preoperative anxiety trait and anxiety state is suggested by our results given that anxiety trait strongly predicts the development of anxiety state after the preoperative anaesthesia consultation. A significantly higher proportion of patients with an anxiety trait developed an anxiety state after consultation in comparison to children without this trait (50 vs 7%; Table 5 ). An average of 70% of patients with anxiety trait were correctly identified using values of faces scale !2, and 80 or 90% of patients without anxiety trait were correctly identified when the faces scale was <4 and 6, respectively. Accordingly, it seems reasonable to propose the following: when risk factors are present or methods to alleviate preoperative anxiety are available, or both, a faces scale threshold of 2 should be used in order to identify the maximal number of patients with anxiety trait. Moreover, given that 50% of patients rated their anxiety trait <2 on the faces scale, those patients might be evaluated further with the STAI questionnaire in order to detect the remaining 30% of patients exhibiting anxiety trait. These results might explain the low correlation between STAI and faces scale given that 47.3% of values of this scale were <2 (Table 1) and probably not correlated with paired STAI values. In contrast, when patients do not have preoperative anxiety risk factors or when methods to alleviate preoperative anxiety are not easily available, or both, the faces scale threshold would be better set to 4 (or 6) in order to eliminate a maximal number of patients without anxiety trait. However, this strategy is accompanied by a decrease in the proportion of true positives (60 and 30% for values of faces scale !4 and !6, respectively). In addition, the observed decrease in the proportion of true positives in the validation cohort for these two thresholds (!4 and !6, respectively; Table 2 ) clearly indicates that these two thresholds should be used for excluding patients without anxiety trait.
Interestingly, even though younger patients are known to experience significantly more anxiety, 5 21 22 the faces scale results in the present study did not vary substantially with patient age (Tables 3 and 4 ). This was probably because the STAI anxiety questionnaires used were age adapted, leading to stable results between these two age ranges. However, correlations between pre-consultation anxiety trait and postoperative anxiety state were less in younger patients <12 yr of age. In addition, patients !12 yr old experienced less anxiety, when compared with the younger subgroup, when anxiety trait was absent. This might reflect the importance of external factors in the development of an anxiety state in younger children, especially parental anxiety. 5 Another explanation could be that consultation with specialized paediatric anaesthetists might be more efficient in reducing anxiety in patients aged !12 yr. Many methods are proposed for reducing preoperative anxiety; these include preoperative distraction and hypnosis, clown distraction, game pads, cartoons, pharmacological distraction, specialized psychological intervention, and preoperative workshops. 2 5 23 Some of these techniques are easily performed and do not require additional time or means, whereas others are both time consuming for providers and families and costly. 24 Those targeting preoperative anxiety reduction interventions may choose to use the faces scale, but they must also take in account previously identified risk factors for anxiety state, such as preschool age, parental anxiety, invasiveness of surgery, and previous hospitalization, surgeries, or both. Our study suffers some limitations. The first is that although anxiety trait assessment used a validated tool, one cannot exclude the possibility that patients might respond to questions thinking about their state of anxiety at the time. This would result in measurement of anxiety state, rather than trait. However, this does seem unlikely given post-consultation state of anxiety measurements, performed after a stressful situation, which found that only 50% of patients with anxiety trait developed an anxiety state. The same remark can be made about the faces scale; although every effort was made in order to ask children to quantify their anxiety at home and during their daily life, there is no guarantee they responded accurately without being influenced by their level of anxiety state when filling in the questionnaire.
The second main limitation of our study concerns the limits of faces scale to be considered. A value of faces scale !2 allowed the correct identification of 70% of true positives but resulted in misclassification of 50% of patients without anxiety trait. A value of faces scale !4 or 6 allows identification of more than 80 or 90% of true negative patients but results in misclassification of 38.7 or 69.4% of patients with an anxiety trait. Consequently, the faces scale evaluated in the present study must be used: (i) in combination with other clinical predictors of preoperative anxiety and the surrounding health-care environment; and (ii) as a screening tool whereby patients whose faces scores are <2 are those who should undergo an STAI evaluation. In addition, although results were not significantly different between construction and validation cohorts, they appear to be clinically relevant. As an example, for a threshold of 4, proportions of true positives decreased from 61.3 to 44.4% in the construction and validation cohorts, respectively. Consequently, true-positive values at this threshold should be interpreted cautiously.
The third criticism is the expected stability of anxiety trait over time. Recent psychological researchers have found anxiety Table 5 Relationship between anxiety trait (assessed before the beginning of anaesthesia consultation) and anxiety state (assessed after the completion of the anaesthesia consultation). *P¼0.001; trait to vary with illness evolution; this has been observed during chronic pain, where anxiety trait assessments changed between pre-and post-treatment periods. 25 This indicates that anxiety trait as quantified using some scales might fluctuate with time. Whether such changes also occur during the preoperative period remains unknown. In the present work, we assumed a relationship between anxiety trait and anxiety state during induction of anaesthesia. However, although highly suggested by our results (patients with anxiety trait have a greater probability of developing an anxiety state after the pre-anaesthesia consultation), we have no direct evidence to support this assumption. We did not explore this relationship in the present work because of the absence of standardization in methods used to alleviate preoperative anxiety state (distraction, preoperative workshop, psychological interventions, etc.), meaning that any correlation between anxiety trait and anxiety during induction could be biased. Finally, of the 1680 patients asked to participate to the study, only 307 agreed. This might induce a selection bias given that less anxious patients and parents might have been more likely to participate to this study.
In conclusion, our study determined the performance of the simple faces scale to measure preoperative anxiety trait in children aged 8-18 yr. This tool might help clinicians to identify patients at risk of developing preoperative anxiety and to assign them to further assessment, targeted management, or both.
